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ABSTRACT 


An experimental CW Neodymium-YAG laser has been con- 
structed using a gold coated circular cylindrical pumping 
cavity. The rod is located along the cylinder axis and is 
pumped by three tungsten-halide filament lamps symmetrically 
spaced at equal radial distances from the rod. The resonator 
consists of a concave 100 percent reflecting mirror and a 
flat output mirror with variable axial spacing. 

Lasing threshold was achieved at an input power of 2000 
watts with the lamps 12 millimeters from the rod, using a 
6.1 percent transmittance output mirror. Threshold was 
not achieved with a 27 percent transmittance mirror. 

A maximum CW output of 2.05 watts was observed with 3300 
watts input power. The maximum slope efficiency at the 
maximum available power of 3300 watts was measured as 0.19 
percent, which is considerably lower than found in com- 
mercial systems Mus elliptical cavities. The slope 
EUecrency increased with increase in the input power; this 
was probably due to the change in the wavelength of the peak 
emission from the lamps. The optimized output power was 
greatest at the minimum resonator length of approximately 
one half the mirror radius of curvature, and reached a 


minimum at one radius of curvature spacing. 
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Nd:YAG is one of the most widely used laser materials, 
with a lasing wavelength 1.06um in the near infrared 
region. The cubic structure of YAG favors a narrow fluo- 
rescent line width which results in high gain and low 
threshold for laser operation. This wavelength is located 
beyond the visible region and the system can be operated 
with low input power. With these advantages, many military 
devices have been developed. 

A Nd:YAG laser system was constructed by Jung [Ref. 1] 
E992 with a cylindrical cavity, and 0.3 watts of output 
was observed with 4400 watts of input, at 0.04 percent 
slope efficiency. 

The intent of this experiment was to improve the 
efficiency of this system and to observe the output varia- 
tions related to imput power and resonator characteristics. 

The laser output was measured with different combina-- 
tions of resonator mirrors and different spacings of the 
resonator mirrors in the stable range of resonator 
configuration. 

In this thesis a cylindrical pumping cavity was used 
since the available machine shop facilities were unable to 


construct the original elliptical cross-section design 





within the time frame of the study. The circular cylindrical 
cavity has lower transfer efficiency. 
The rod and cavity wall were cooled by flowing coolant, 


and heated air was blown out with an electric fan. 





EI: THEORETICAL 


More than two decades have passed since the discovery 
of laser action in ruby. Many kinds of laser active 
materials, which have the properties of sharp fluorescence 
lines, strong absorption bands and high quantum efficiencies 
for the fluorescence transition, have been discovered during 
the last two decades. ua?* was the first of the trivalent 
ions to be used in a laser, and it remains by far the most 
important element. Stimulated emission has been obtained 
with this ion incorporated in at least 40 different host 
materials. Yttrium Aluminum Carnet (YAG) is a host material 
with the attractive properties of hardness, chemical inert- 
ness, low internal strain and small refractive index 
variation. 

To achieve high efficiency, well designed pumping 
cavities and pumping sources are required.  Elliptical 
cylinders are most widely used in laser systems with linear 
pumping sources, with the lamp and rod located on the focal 
lines of the elliptical cylindrical reflector. The types of 
pumping cavities and sources are correlated to each other 
to concentrate the power on the laser active materials. 

Optical resonators are used primarily in order to build 


up large field intensities with moderate power input. The 


l0 


commonly used laser resonators are composed of two spherical 


or flat mirrors facing each other. 


A. PROPERTIES OF Nd:YAG CRYSTAL 

In Nd:YAG about one percent of Yttrium is substituted 
by Neodymium. The host material (Y,A1¿0; 2) is a colorless, 
optically isotropic crystal which possesses the cubic 
structure characteristic of garnets. With the addition of 
large amounts of neodymium, strained crystals are obtained 
since the radii of o and Nae differ by about three 
percent. The laser transition, having a wavelength of 
10641A, originates from T R component of the ae 
level and terminates at the ¥4 component of the E 
level. : 

IFE sica Properties 

The ENS ES crystallize with the general formula 

(A,B50j >) with eight such molecules contained with the 
unit cell. The A type EE ions occupy 24 dodecahedral 
sites with eightfold oxygen coordination and there are 40 
B type O ions divided among 24 tetrahedral d-sites 
with fourfold oxygen coordination and 16 octahedral sites 
with sixfold oxygen coordination. There are then 160 
atoms within the unit cell with cube edge O OLA 
in case Of YAG. The YAG structure is stable from the lowest 
temperatures up to the melting point, and composed of 37.5 
percent Y,0 (3Y 40 ٠5ھم0‎ 


54706۰6 2-75 percent Al,O 


293 3 3 3) - 
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The refractive index of YAG decreases slightly as the 
wavelength increases, from 1.820 at lum wavelength to 
1.803 at 2um wavelength. The price of Nd:YAG is relatively 
high since the crystal growth rate is low, 5mm per hour by 
the Czochralski growth method. Typical boules of 10 to 15 
cm in length require a growth run of several weeks. 
Neodymium concentration by atoms in YAG has been 

limited to 1.0 to 1.5 percent. Higher doping levels tend 
to shorten the fluorescent lifetime, broaden the line width 
and cause strain in the crystal, resulting in poor optical 
quality. Some of the physical properties of YAG are given 
in Table 1. 

ci Laser Properties 


The neodymium ion contains three electrons in the 
4f shell with ground state configuration L . Three 
groups of transitions have been observed in the infrared 


absorption spectrum between 2000 and 6800 cm l5. Table 2 


represents the absorption spectrum of Nd in YAG 
Meet. 2]. 

The Nd:YAG laser is a four level system, with the 
energy levels shown in Figure 1 [Ref. 3]. The laser transi- 
tion originates from the R, Component of the a 
level and terminates at the دلا‎ component of the as 
level at room temperature. At low temperature, about 77k, 
it was observed that the laser transition was from the Ry 
component of the u; to the Yı component of the 

12 





4 
Lie 


of levels, which together may be viewed as comprising the 


state with wavelength 1.06lum. There are a number 


pump level. 
4 
The upper laser level, B , has fluorescent 
efficiency greater than 99.5 percent and radiative lifetime 


4 
Of 230us. The branching ratio of emission from Bey 1S as 


4 4 7 4 eee 
follows; P3/2 zu: = 0.25 , 2 Enya 
4 4 4 4 


This means almost all the ions transferred from the ground 


=O ٦ 


> 00 Ref. 2], 


level to the pump bands end up at the upper laser level, 
ana 60 percent of the ions at the upper laser level cause 
fluorescent output at the EON manifold. The relaxation 
time Be; = ND is fast enough, 30 ns, to allow the 
crystal to support continuous wave lasing action at room 
temperature. 

Figure 2 shows the fluorescence spectrum of Naot in 
YAG near the region of the various transitions. The 
absorption spectrum of the crystal Nd:YAG in the range 4000A 
to 10000À is given in Figure 3 and the related energy 
levels of a a ion in atypical crystal lattice are given 
in Figure 4 [Ref. 5]. At room temperature, the 7500A(C) and 
8000A(B) excitation bands are the most efficient producers 


of 1.064um radiation, but at temperatures above 400°K the 


5900Å (F) excitation band becomes dominant [Ref. 6]. 
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Fig.2 Fluorescence Spectrum of Nd:YAG at 300 'K 
in the Region of 1.06 "m. 
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TABLE 1. PROPERTIES OF Nd:YAG 


Memi cal Formula . . . . > ə è> > è > Y,A13015 : Nd 
DOUE A s... €. i970*C 


BE ohardness - . . . . + s »« »« > > 1215 


BOermal expansion . . +. . . . . . . 7.7 - 8.2 x os es 
٣۰۰.٦٠۶ of elasticity . . . . . . . 3x 10 kg/cm” 

g/cm?‏ ۰۰011111111111۰7 ×۳ سا ہے 

Ewster's angle . . . . . . . . . . 61.2? 

Emulated em. cross section . . . . 2.7 - 8.8 x 10-9" 
Relaxation time Ea > p +6 


4 
3/2 ٦ 


Spontaneous fluorescence time . . . 230us 


Radiative lifetime (^r 55 


Secon energy at 1.06um . . . . . . ho» = 1.86 x oy 
Thermal conductivity (€ 40C) ۰۱099 cal/(sec..°C cm) 
SS ratio . . e .می‎ >» à « > >» « e 0.3 


۲٢۰٠٠.٦٦ strength . . . . . . . . . . 25 - 30 Ib/in* 
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Absorption(arbitary ünit) 
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Fig.3 Absorption Spectrum of Nd:YAG 
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Fig.4 Energy level of Nd:YAG related to 


Absorption Spectrum 
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TABLE 2. ABSORPTION SPECTRUM OF Nd IN YAG [REf. 6] 
Absorptions (cm 7) aC 4.2K 


Assigment 

E . 2010 2037 2111 2146 2473 2526 
4 AA 

E. . 3875 3985 4010 4032 4490 4560 
4 = > A 

Ms y 5770 5820 5948 5978 6585 6645 6755 
4 | 

E. IE ور‎ 

4 

E. 12369 12427 12517 

E. 12572 12605 12621 12820 12873 

4 4 

ar ت5‎ E ID Sc l2-70 13504 13632 
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BR OPTICAL RESONATOR 

Optical resonators are used primarily in order to build 
up large field intensities with moderate input. A universal 
measure of this property is the "quality factor", Q , of 


> 


the resonator. Q is defined by the relation 


2 = © Sower dissipated by resonator 


The light emitted by most lasers contains several dis- 
crete optical frequencies, separated from each other by 
frequency differences which can be associated with different 
modes of the optical resonator. It is common practice to 
distinguish two types of resonator modes: "Longitudinal" 
modes differ from one another only in their oscillation 
frequency; "Transverse" mode differs from one another in 
their field distribution in a plane perpendicular to the 
direction of propagation in addition to differing in their 
oscillation frequency. The spectral characteristics of a 
laser, such as linewidth and coherence length, are primarily 
determined by the longitudinal modes, and the beam divergence, 
beam diameter and energy distribution are governed by the 
transverse modes. 

l. Resonator Configuration 

The most commonly used laser resonators are con- 


structed with two coaxial mirrors for which the spot radii 


at the mirrors are; [Ref. 7] 
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A = eh A a ui ua مسج‎ 
Le TT R 1 R4 + R3 L 
مت‎ 2 PRENNE 
2 T R3 - L R4 T R, - L 


where R4 and R, are the radii of curvature of the two 
mirrors, L is the separation distance between the two 
mirrors, 07 and 47 are radii of the spots at the mirrors, 
Eus the radius of the waist of the Gaussian beam pro- 
file, and ty and to are the distances of the beam waist 
( (م‎ from the mirrors. 

The radius of the beam waist, which can be formed 


either inside or outside the resonator, is given by 


The distances ty and to between the waist and 


mirrors are 


L (R, - L) 
t1 — ———————- PAS 
R4 + R, - 2L 
and 
L(R, - L) 
t nn 
2 F4 T R, 2L 


These equations treat the most general case of the 
stable resonator. There are many different types of reso- 


nators that may possibly be constructed. The most widelv 
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used resonator geometries in Nd:YAG laser systems are 
confocal and plane-concave. 
a. Mirrors of Equal Curvature 
With R4 = R, = R, the radii of the spots at 


the morrors are 


If we assume that the mirror radii are large 


compared to the resonator length, R >> L then 


2 mno» Ac RI E 
Se = ل للا‎ = m (57) 


A special case of the symmetrical configuration 
is the spherical resonator which consists of two mirrors 
separated by twice their radius, R= L/2 . The corresponding 
beam consists of modes whose dimensions are fairly large at 
each mirror and which focus down to a diffraction-limited 
point at the center of the resonator. 

Another special case, where R= L , the sym- 


metrical confocal, gives 
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The confocal resonator (where R= L ) gives the smallest 
possible beam waist for a resonator of given length. 
b. Plane-Concave Resonator 
For a resonator with one flat mirror (R = œ) 


and one concave mirror, 


are ۶۶۹ 4 4077 
and 
2 A L 
و‎ mR R -L 


The beam waist مله‎ 03600005 al tne flat mirror. A 


special case of this resonator is the hemiconfocal re- 
sonator. The hemiconfocal resonator consists of one 
spherical mirror and one flat mirror placed approximately at 
the focal point of the sphere. The resulting mode has a 
relatively large diameter at the spherical mirror and 
focuses to a diffraction limited point at the plane mirror. 

2. Stability of Laser Resonator 

The ability of an optical resonator to support low 

diffraction loss modes depends on the mirror separation L 
and the radii of curvature, R4 and R, . Light rays that 
bounce back and forth between the spherical mirrors of a 
laser resonator experience a periodic focusing action. The 
effect on the rays is the same as in a periodic sequence of 


lenses. Rays passing through a stable sequence of lenses 


are periodically refocused. For an unstable system the rays 
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become more and more dispersed the further they pass 
through the sequence. In an optical resonator operated in 
the stable region, the wave propagates between reflectors 
without spreading appreciably. This fact can be expressed 


by the stability criterion; 


3. Losses in Optical Resonator 
The common loss mechanisms in optical resonators are 
divided into three groups. 
a. Reflection Loss 
Loss resulting from imperfect reflection; 
reflection loss is unavoidable, since without some transmis- 
Sion no power output is possible. In addition, no mirror is 
ideal: absorption and scattering reduce the reflectivity 
to somewhat less than 100 percent. 
b. Absorption and Scattering Loss 
Absorption and scattering in the laser medium; 
transitions from some of the atomic levels, which are 
populated in the process of pumping to higher levels, con- 
stitute a loss mechanism in optical resonators when they 
are used as laser oscillators. Scattering from inhomoge- 
neities and imperfections is especially serious in a 


Nd:YAG crystal. 
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c. Diffraction Loss 

Diffraction loss; the energv propagating beam 
modes extend to considerable distance from tne axis. When 
a resonator is formed by 'trapping' a propagating bean 
between two reflectors, it is clear that for finite di- 
mension reflectors some of the beam energy will not be 
intercepted by the mirror, and will therefore be lost. 
Figure 5 [Ref. 8] shows the diffraction loss of a number of 
low-order confocal resonator modes. A wis the mirror 
radius and L is the mirror spacing. The pairs of numbers 


under the arrows refer to the transverse-modes l,m 
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Ge OPTICAL PUMPING SYSTEM 


In optical pumping the light from the light source is 
concentrated in the laser active material. The atoms are 
pumped into the upper energy level by absorbing the energy 
emitted from an incoherent lamp. It is required that the 
output spectrum bands of the power source should be matched 
with absorption bands in Nd:YAG, and the pumping cavity 
should transfer the energy to the active material efficient- 
ly. Krypton, xenon and tungsten lamps are widely used as 
pumping sources. To increase the efficiency, well-designed 
pumping cavities are required for better concentration and 
uniform pumping density on the active material. 

1. Pumping Sources 

A tungsten filament lamo can operate as a black- 
body emitter at a color temperature of about 3400°K with 
peak output around 0.85 micrometers. t is a very con- 
venient pumping source for Nd:YAG, but the input power 
for such a lamp is limited to 500 W/cm, a limit fixed by 
the melting point of the tungsten. From a knowledge of 
the pumping bands of Nd:YAG as shown in Figure 3 and the 
black-body output from a tungsten iodide lamp it can be 
estimated that only three- four percent of the electrical 
input power to the lamp is converted into radiation which 


is usefully absorbed by Nd:YAG. The tungsten-halide lamps 
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operate at higher temperature (3200°K) than typical 
filament lamps. This corresponds to an emission maximum 
Securring at 8400A for a black-body radiator. Actually 
the tungsten filament has an emissivity of 0.35 at 3200?K 
[Ref. 9]. 

A water-cooled xenon lamp is a good source of line 
radiation in the near infrared and it can operate at high 
input power, up to 2.5 kW/cm. However, the emission lines 
from the xenon lamp do not match the Nd:YAG absorption lines 
well. Figure 6 represents the spectral emission of a xenon 
flash tube operated at high current density [Ref. 10]. 

A water-cooled krypton arc lamp with strong emission 
lines in the infrared matches the pump bands of Nd:YAG 
very well, particularly around 810@ . It has been found 
that the useful light output of krypton arc lamps for 
pumping Nd:YAG lasers increased with bore size, fill pres- 
sure and input power [Ref. ll]. The emission spectrum of 
a typical CW-pumped krypton arc lamp is shown in Figure 7 
Beet. 12]. 

Figure 8 represents the relative efficiency of 
three different types of lamp for pumping Nd:YAG [Ref. 13]. 

Mercury arc lamps, alkali arc lamps, semiconductor 
diodes, and noble gas lamps have also been treated as 
pumping sources, but the efficiencies of these are rela- 


tively higher than the sources previously described. 
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2. Pumping Cavities 
The efficiency in the transfer of radiation from the 
source to the active material determines to a large extent 
the overall efficiency of a laser system. The pump cavity, 
besides providing good coupling between the source and the 
absorbing active material, is also responsible for the 
pump density, and the divergence and optical distortion of 
the output beam. 


The most widely used pumping cavity is a highly 


reflective elliptical cylinder with the laser rod and 
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imp rate the focal lines. The elliptic configuration is 
based on the geometrical theorem that rays originating from 
one focus of the ellipse are reflected into the other focus. 
Therefore an elliptical cylinder transfers energy from a 
linear source placed at one focus to a linear absorber 
placed along the second focal line. The geometrical cavity 


transfer coefficient can be expressed by [Ref. 14]; 


1 R, ,0 6 
7 = = pa E 
ge ^m L7 1 m 0 1?) 
where 
2 r 
008-3 COS EE (1 IB on. ٦ 
0 2 1 
ia 
de = sin *{ (2) sina } 
0 
5 
Mel D 
9. = sin sen) 
R 
Fr and r, are the radii of the lamp source and 
the rod, and e = c/a where 2c is the focal separation 


and 2a is the length of the major axis. 

Semi-ellipse, double-ellipse and multi-elliptical 
cavities can be used for special requirements, and some 
configurations are shown in Figure 9. 

Close-coupled nonfocusing pump cavities, circular or 
oval in cross section, are also used. However the efficiency 


of a close-coupled cavity is relatively low. A higher 
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energy-transfer efficiency is achieved in pumping systems 
with reflectors in the form of an ellipsoid of revolution 
or a sphere. Figure 9 represents various types of cavities. 

The material employed in the design of a pump 
cavity is an important element in the efficiency of the 
cavity, since the reflectivity of the metal surface as 
well as the transmission of the cooling fluid in the cavity 
is wavelength dependent. The reflectivities of cavity 
surfaces are increased by special treatment, as for example 
by plating with high reflectance material such as gold or 
silver. For CW-pumped Nd:YAG lasers, where most of the 
pumping occurs in the wavelength range 0.7-0.9 micrometers, 
gold is used almost exclusively because, in contrast to 
silver, it does not tarnish [Ref. 15]. 

In this experiment a silver coated quartz tube and 
a gold coated cylindrical brass tube were used as pumping 
cavities. 

3. Efficiencies 

The overall efficiency of the cavity can be split 
up into three parts; transfer efficiency, lamp radiative 
efficiency, and pump quantum efficiency. 


The transfer efficiency is defined as the 


Te 
ratio of the pump power (or energy) actually entering the 


rod to the power (or energy) emitted by the lamp. 
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The lamp radiative efficiency ni gives the 
efficiency of conversion of electrical input to light output 
in the wavelength range hy to ho in which the effective 
absorption bands of the laser medium lie (e.g., 0.3 to 0.9 
micrometers for Nd:YAG). The lamp radiative efficiency 


is therefore given by: 


where R is the radius and L is the length of the lamp, 
I, is the electrical power delivered to the lamp. 

The pump quantum efficiency n4 accounts for the 
fact that not all of the atoms raised to the pump bands 
subsequently decay to the upper laser level. The quantum 
efficiency is a quantity over which one can have little 


control since it depends on the properties of the Nd:YAG 


crystal. 


D. HEAT REMOVAL 

Thermal effects in the laser rod are brought about by 
a combination of heat generation due to absorption of pump 
radiation and heat flow due to cooling processes. Heating 
and cooling of the laser material lead to a nonuniform 
temperature of the rod, which results in a distortion of the 
laser beam due to a temperature and stress dependent 


variation of the index of refraction. In addition, optical 





distortions can arise as a result of an elongation and 
bending of the rod. 

The cooling methods can be divided into three groups: 
liquid flow cooling, air or gas cooling and conduction 
Soling. 

l. Thermal Effects in the Laser Rod 

The thermal stress in a cylindrical rod, caused by 


a temperature distribution T(r) , can be calculated from 


the equation of axial stress; [Ref. 16] 


OS (r* - r? 


o (r) = o! 
o (r) = os (2x? E r^) 
c (z) - 299(22^ - zp) 
where S - aE(l16K(l- v DS contains the materials 


parameters; E is Young's modulus; v is Poisson's ratio; 
K is the thermal conductivity; and a is the thermal coef- 


ficient of expansion. The stress components, o c 


ee ye 
represent the components of stress in a cylindrical coordi- 
Mare system. After adding the two stress components o,(2) , 


o tr) vectorially, to obtain 


EP | 
“max © rK - 2JL 
then Paa can be expressed, where م‎ 


max + ' 8S 
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erK(1 - v) Lo, 
رت‎ 


Here P. is the total heat dissipated by the rod and L 

is the length of the rod. The solution of this equation with 
the physical properties given in Table 1, indicates that 

x is achieved with 115W dissipated as heat per centi- 
meter length of the Nd:YAG rod. The tension on the surface 
of the rod equals the tensile strength (o, ) of the material. 
The actual rupture stress of a laser rod is very much a 
Eimetion of the finish of the rod. 


The refractive index changes due to strain are 


presented [Ref. 17]; 


Nc 2 
An 5 T cr 

TL 00 2 
Ang = ل‎ cg 

_ _ .3 © 2 
An, Ano = No 7 Cr 


where C ; Cy and C are functions of the elastooptical 
coefficients of  Nd:YAG; ex z0017 7% Cg = -0.0025 and 
Ch = -0.0097 . Q has dimensions watts/cm and çr is 
measured in centimeters. 

The thermal lensing due to refractive index varia- 


tion can be separated into a temverature- and stress-depen- 


dent variation, and one due to end-face curvature. The 


DS 





change of refractive index due to thermal strain is 
dependent on the polarization of light: the focal 
length due to this effect can be represented [Ref. 18] as 
f' = ^L 5 E + De 
The focal length of the rod caused by an end- 
face curvature, due to small perturbations on the principal 
thermal distortion pattern which occurs in the rod near the 


ends, can be represented as 


ja K [agra (Po = Te 


The combined effect of temperature- and stress- 
Ber ndent varıation’orf refractive index and the distortion 
of end-face curvature of the rod leads to the following 


expression for the focal length; 


arg (ny = 1) ji 


1 
TT 2 | 


ME 
j Q 
als 


where A wis the cross-sectional area of the rod. 

The thermal stress requires that the rod must be 
cooled and shielded sufficiently to Keep the heat power in 
the rod below 115 w/cm and to keep f > R/2. 

2. Cooling Techniques 

There are three different cooling techniques 

available: liquid cooling, air or gas cooling, and conduc- 


tion cooling. Water, water mixed with alcohol, and 
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water mixed with ethylene are commonly used coolants for 
liquid cooling systems. The heat carried out by the coolant 
can be expressed; Q = AT. C . m where C is the specific 
heat of the coolant, m is the mass flow rate and AT is 
the temperature difference between inlet and outlet coolant. 
The choice of coolant is dependent on the operating 
temperature, corrosion reaction with cavity material, etc. 
For examples: water cannot be used in military systems 
which may be operated various temperatures, since malfunc- 
tion of systems may occur by freezing of the coolant; and 
fluorinated hydrocarbon coolant cannot be used with 365 
aluminum or similar alloys, since hydrofluoric acid 
formed by UV radiation will react with cavity materials. 

A commonly used liquid cooling system consists 
of a liquid pump, a heat exchanger and a reservoir. 
Sometimes it contains a demineralizer, deionizer and some 
sensors for monitoring the coolant flow rate. 

An air or gas cooling system Can be employed in a 
low power laser for cooling the laser rod and flash lamp 
by forced air flow. The air flow required for cooling the 


laser is calculated at standard conditions (20°C, 1 atm) by; 


ID o 
f (liter/min) = à (W/ °C) 


where AT is the temperature difference between inlet air 


and outlet air. 
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A conductive cooling effect is achieved by mounting 
the laser rod either clamped, soldered, or bonded to the 
heat sink. If the laser rod is clamped to a heat SUE d 
temperature gradient will develop across the rod-clamp 
interface. The heat flow is then Q = AT h A where h 
is a heat transfer coefficient, A is area of contact 
between rod and sink, and AT is the temperature difference. 

In this work, water and air cooling methods 
were applied using a KWC-3 Laser Cooler manufactured by 
Union Carbide Company and an electric fan to force air 


ei ough the cavity. 
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III. EXPERIMENTAL INVESTIGATION 


SN CONSTRUCTION OF THE SYSTEM 
The laser system was constructed with three major sub- 
Systems: optical resonator, optical pumping system, and 
cooling system. 
l. Optical Resonator 
The resonators were built with two mirrors; one flat 


mirror and the other concave. The properties of the four 


mirrors which were used in this work are presented in Table 


Ba 
TABLES 

PROPERTIES OF MIRRORS FOR EXPERIMENTAL LASER SYSTEMS 

number type transmittance focal Mirror 
at 1.0€um (%) length (cm) diameter (cm) 

M 1 plane 2.0800۲9 20) co 240 
M 2 concave oO") 42.5 20 
M 3 plane Dec) co 2L 
M 4 concave 88ہ‎ +07 7 2] 
* ( ) represents the values given by manufacturer. 


Two mirrors (M1 , M 2) were designed for the KY-2 
System manufactured by the Union Carbide Company which 
has a double elliptical cavitv. The other two mirrcrs 
were manufactured by Valpey Corporation.  Transmittance 


Was measured with a Spectrophotometer manufactured by 


307 


Perkin Elmer Incorporation, and the focal length was 
measured by a beam tracking method with a small Ne-Ne laser. 
2. Optical Pumping System 

Circular cylindrical reflectors were used as pump 
cavities with three lamps located inside the cavity at 
equal distances from the cavity axis. 

a. Pumping Cavities 

The elliptical pumping cavity configuration has 

high transfer efficiency, as discussed in chapter II, and 
initially a double elliptical cavity was designed for this 
experiment. However, after exploring the available facili- 
ties for fabrication it was decided that the design could 
not be fabricated locally on the time scale of the experi- 


ment, and other designs were prepared with cylindrical 
geometry. 

Two circular cylindrical cavities coated with 
highly reflective materials were used; a silver coated quartz 
tube with dimensions: 8.0cm length, 5.0cm outside diameter 
and 1.5mm thickness; and a gold coated brass tube with the 
same dimensions as the quartz tube except that the wall 
thickness was 2mm. 

Rapid burn-off of silver occurred while measuring 
the fluorescence power with the silver coated quartz tube, 

So the gold coated brass tube was used in all later work. 


Additionally, the brass tube has higher thermal conductivity 
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than the quartz tube so the cooling efficiency can be 
increased with it. 
b. Pumping Sources 

Tungsten-halogen lamps manufactured by General 
Electric Company were used in this experiment. A Q1000 
3/4cl lamp has dimensions 11.8cm total length, 6.0cm filament 
length, and 0.2cm filament diameter. The filament, which is 
centered in the bulb by four spiral-shaped supporters, is 
connected to the external contacts by means of a molybdenum 
foil ribbon thin enough to deform on expansion rather than 
fracture the bulb. 

This lamp dissipates 1000 watts at 120 volts 
input voltage, and the typical operating temperature is 
3200°K, corresponding to a black-body radiation peak at 
neum. 

C. Power Supplies 

Lamp power was supplied by autotransformers 
(variacs) which were manufactured by General Radio Company. 
One autotransformer was connected to each lamp. The pumping 
power could be adjusted by changing the input voltage to the 
variacs. Each autotransformer was supplied from an AC wall 
outlet rated at 20 A maximum current. 

3. Cooling System 
A KWC-3 Laser Cooler manufactured by Union Carbide 


Company was used as the main cooling system. This was 
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designed for the KY-2 system operated at 2000 watts input 
power. With this laser cooler it was impossible to cool 
adequately the experimental svstem pumped by three lamps. 
A fan was added to cool the inside of the cavity by blowing 
out the heated air. Lamp envelope deformation occurred 
when the system operated without the fan and with 3000 
watts input and 2.6 G/min coolant flow rate. The temperature 
difference between input coolant and output coolant was 10°C 
and the total operating time to failure was less than 30 
minutes. With addition of the fan the coolant temperature 
difference (AT) was reduced to 3.2?C and no further lamp 
envelope deformation occurred. 

4. Assembly of the System 

The two mirrors and the pumping-cavity head were 
mounted on an I-beam shaped optical bench, and the power 
supplies, laser cooler, and an electric fan were connected 
to the pumping-cavitv head. Figure 10 shows the basic 
assembly of the system. 

The pumping-cavity head was build in the Naval 
Postgraduate School Physics Department machine shop from 
aluminum and brass. The details of the pumping-cavity head 
are presented in Appendix A. The head consists of a 
cylindrical pumping cavity, a laser rod and rod-holcer, 


a cooland flow tube, an outer rectangular body and two 


end-plates, a base plate, lamp holders, and three lamps. 
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Fig.10 Basic Assembly of Experimental System. 
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The pumping cavity is located inside the body and these 
two components are fixed in position with two end plates 
with two rubber O-rings for sealing. The rod and rod- 
holder were placed inside the coolant flow-tube which was 
supported by two holders. 

The coolant flows through the coolant flow tube to 
cool the rod, and flows between the body and the cavity wall 
to cool the cavity. The air flow is directed through the 


three lamp holes. 


PEEP OPERATION OF THE LASER 
1. Measurement of Fluorescence 

The emitted fluorescence radiation power emitted 
from the rod is the commonly used measure of the level of 
population inversion, and hence gain, in a laser active 
medium. 

To monitor the fluorescence power, a PIN-10DP photo- 
diode manufactured by United Detector Technology Incorporation 
was used with an optical filter whose trasmittance was 40 
percent at wavelength 1.06um. The PIN-10DP diode has the 
properties; lcm? of active area, responsivity 0.35 W/A at 
1.06um wavelength, and l0mW/cm^ maximum light intensity. 

Fluorescence power was measured on the optical axis 


within a solid angle of 1.3xl07Sr , with a 0.6mm aperture 


at a distance 8.3cm from the endface of the rod. The optical 
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Miller was mounted directly in front of the detector. 
Figure 11 shows the detector system alignment. 

First, the fluorescence power of the KY-2 laser 
system was measured to determine the threshold fluorescence 
power, since the rod of the experimental laser system has 
the same dimensions as the rod of the KY-2 system. The 
measured fluorescence power is plotted in Figure 12. The 
KY-2 system began lasing at 90V input, corresponding to 


2.0 x 10? 


W/dA of fluorescence power, where dA is the area 
Of detector aperture. With the assumption that the experi- 
mental laser has an identical rod to the KY-2 system, the 
measured fluorescence power at 90 volts of input power was 
estimated as a threshold fluorescent power for the experi- 
mental system. The measured fluorescent power of the 
experimental laser is also plotted in Figure 12. The 
maximum detectable power of the PIN-10DP diode within the 
0.6mm diameter of the aperture was calculated as 2.8 x O Wi 

2. Measurement of Laser Output 

The laser output was measured for two different 

selections of the resonator mirror sets. The resonator was 
tuned using a He-Ne laser, by adjusting the mirror mounts 
to align the beams reflected from the two rod end faces and 


from the resonator mirrors. Table 4 represents the measured 


maximum output and the possible resonator mirror sets. 
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These measurements were made using the gold coated brass 


cavity reflector. 


TABLE 4 
LASER ACTION WITH DIFFERENT COMBINATIONS OF MIRRORS 
reflecting ت6‎ 2۲0-2۰101767 output power at 3300W 

mirror input (watts) 

M 2 M 1 0 

M 4 M 1 0 

M 2 M 3 1265 

M 4 M 3 27.05 


Lasing action was not observed with M 1 as output 
mirror, due to its high transmittance, which raised the 
threshold power above that attainable with the system as 
constructed. With 6.1 percent output mirror and a spacing 
of 35cm, a maximum of 2.05 watts output was 71 The 
measured output is presented in Figure 13 as a function of 
input power. 3300 W is the maximum input power of the 
experimental system with 130 V input voltage. 

Threshold input power was 2200 W which agrees with 
estimated input power from the measurement of fluorescence 
power as discussed previously. The overall efficiency of 
the experiemtal system was calculated as 0.06 percent, and 
the maximum slope efficiency, achieved at 3300 watts input 
power, was 0.19 percent. 

1.65 watts maximum output was detected with M 2 and 


M 3 as a set of resonator mirrors. 
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Fig.13 Laser Output of the Experimental System. 
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The maximum output was measured with varied spacing 
of the resonator mirrors with the results shown in 
Figure 14. The maximum output of the experimental laser 
system with the gold coated cavity was measured with different 
spacings of the resonator mirrors from 0.3m to 0.85m, 
where 0.3m is the minimum possible spacing of the resonator 


due to the size of the components between the mirrors. 
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Fig.14 Maximum Output with Change of the Spacing of the 
Resonator Mirror. 
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Ge.) DISCUSSION 
The transmittance of the output mirrors strongly affects 
the laser action as described in Table 3. With M 3 as the 
output mirror laser output was detected, but with M 1 it 
was not detected. 

The maximum output of the experimental laser system 
increased as the spacing of the two mirrors decreased as 
shown in Figure 14. 

The relation between input power and output power does 
not satisfy the linear relationship expected. 

l. Resonators 

The selection of the transmittance of the output 
mirror is an important factor in the laser system. ‘fn 
the case of the four level laser, the following condition 
should be satisfied for laser action, [Ref. 19]; 


(1 TY (A TY (1 = 75) (1 a) EXP(20N_L) = 1 


where Ti and Tj, are the transmittances of the two 
ENLCOrS, a is the fractional mirror loss, Ti is the 
fractional internal loss per pass, Gc is the cross-section 
for the laser transition, No Yssthe critical population 
inversion for laser action, and L is the length of the 
Nd:YAG rod. With the assumption that T: ‚a, and T, are 
small enough to neglect, the equation can be written as; 


(ll T1) EXP (2N oL) = 1 
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which gives 


N 
0 


-1n(1 - T,?/20L 


Mera i = 6.3cm, O = 3.5 x 10cm, ہلا‎ M3 = 0.061 and 
T = 0.27 , the calculated values of N are; 
Ml C 
_ 16 3 
No M3 A ID atoms/cm 
N y TL 101 نے گےے۔‎ 
C MI UM. 


Even considering the effects of T: , a , and T, the ratio 


oe N CO N is; 


COMI c.M3 


If we assume the linear increase of fluorescence 
power with increasing input power (Figure 10) to extend to 
threshold with M 2, the threshold should be at approximate- 
ly five times that for M l, i.e., about 10mW/dA. 

The maximum output power of the experimental system 
decreased with increasing separation of the two mirrors. 

The output power of a CW laser depends on the volume of 
active medium occupied by the oscillating mode (or modes), 


and can be represented as [Ref. 20]; 


Here A, is the equivalent cross-sectional area of laser 


medium occupied by the oscillating mode (or modes), I. 


is the saturation intensity expressed as I. = hy/cl , where 
t is the spontaneous fluorescence time (230us), and Yq 
نا‎ 5 logarithmic loss of output mirror Ya = -1n(1 - T1)). 

To recognize the reasons for the increase of maxi- 
mum output with decrease in the resonator spacing, it is 
necessary to solve the relation between the resonator 
Spacing and Ao | The area A can be expressed as, 

A = 10% 1/4 , at the beam waist for the TEM 56 mode. But 
in the general case many modes are in oscillation in the 
resonator, so that the solution for A, becomes complicated. 
A suitable solution has not been obtained at this time. 

2. Measurements of Fluorescence and Output Power 

The PIN-10DP detector has low maximum detectable 
intensity as shown in Figure 12, and may be saturated at 
higher power levels in Figure 12. Thus it is necessary to 
replace the photo detector to provide better reliability of 
measurement of fluorescence at high input power. 

The measured laser output does not show the expected 
linearity with input power, since the pumping efficiency 
changes due to mismatch between the emission spectrum of 
the lamps and absorption spectrum of the Nd:YAG. The 
emission spectrum of the tungsten-halide filament lamp 
has a black-body radiation distribution, while the absorption 
Spectrum of the Nd:YAG is sharply selective, as shown in 


Figure 3. The peak radiation wavelength decreased as input 


20 





power decreased; thus the slope efficiency decreased with 
decreasing input power. The maximum slope efficiency 

occurs at the point where the peak radiation wavelength of the 
tungsten lamp coincides with the main absorption bands of 

the Nd:YAG. 

The highest observed value of output power, 2.05 
watts, was achieved with 130 volts input voltage to the three 
lamps. The maximum recommended input voltage of the 
tungsten filament lamps is, however, limited to 120 volts 
for 3200°K filament temperature and long lifetime of lamps. 

3. Efficiency 

The cylindrical cavity has lew transfer efficiency 
compared tc the elliptical cavity. In a modified close- 
coupled cavity, the transfer efficiency is dominated by 
the radiation directly intercepted by the rod without 
reflection from the cavity wall. For this reason the lamps 
Should be placed as close as possible to the rod for maximum 
trensfer efficiency of the cavity. The minimum spacing 
between the filament and rod centers in the cavity is 1.0cm, 
at which the lamp envelopes and the coolant flow tube are in 
contact. To avoid lamp fractures caused by inadequate 
cooling, it iS necessary to separate the rod and the lamp 
envelopes. In this work the separation of lamp from rod 


was l.2cm. 
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The krypton arc lamp should have better pumping 
efficiency and larger input power per unit length, as seen 
in chapter II. 

It is recommended that the cylindrical close- 
coupled cavity be replaced by an elliptical cavity and/or 
the pumping sources changed from tungsten filament lamps to 
Kr arc lamps for improvement of the efficiency. 

4. Cooling 

The maximum cooling ability of the KWC-3 cooler was 
found to be 1.6kW without increase of reservoir temperature, 
with 3.0°C temperature differenc between inlet and outlet 
coolant and 2.0 G/min coolant flow rate. At the flow 
rate of 2.0G/min, 4.5°C of temperature rise was required 
for removal of 80 percent of a 3000 watts input. 

Without the electric fan the temperature of the 
reservoir increased continuously, and finally lamp envelope 
deformation occurred. With the additional air cooling fan, 
35 percent of the emission power could be removed by the 
fan and 65 percent of the emission power could be removed 
by the KWC-3 cooler without increase in inlet temperature 
at 3000 watts input power. The measured temperature differ- 


ence was 3.2°C at a coolant flow rate of 2.5G/min. 
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IV. CONCLUSION 


Laser action has been detected in an experimental laser 
& Stem constructed with a circular cylindrical cavity and 
pumped by three tungsten-halide filament lamps. The effi- 
ciency of the system was very low, due to the low transfer 
efficiency of the cavity. 

To improve the slope efficiency, several factors should 
be considered; 1) transfer efficiency of the cavity, 
2) radiation efficiency of the lamps, 3) transmittance of the 
output mirror, and 4) optimization of the spacing of the 
resonator mirrors to fill the maximum volume of active 
medium with oscillating modes. 

It will also be necessary to improve the cooling system, 
since there are power losses through the air blow-out 
holes located on the end-plates. 

With 6.1 percent transmittance at the output mirror 
and 35cm resonator spacing, a maximum of 2.05 watts output 
was detected at 3300 watts input power. To prolong the 
lifetime of the lamps it is recommended that the input 
voltage not exceed 120 volts. With 120 volts input voltage 
to three lamps, 1.15 watts output power was measured, and 


the system can be cooled without increase in the temperature 
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of the reservoir. This means the experimental system can 
be operated continuously at the lower output. 

One interesting experimental result is the decrease 
in maximum output power with increasing spacing of the 
resonator mirrors. Two design factors which might account 
for this change are the increase in spot size on the mirror 
with increase in spacing, causing additonal diffraction loss, 
and decrease in the gaussian waist size, leading to a 
decrease in the resonant mode power overlapping with the 
laser rod. 

It is desirable to solve the relationship between 
spacing of the resonator mirrors and the effective rod 
volume occupied by oscillating modes at a given location of 
the optical axis. 

The other promising area to pursue is optimization of 
the transmittance of the output mirror for maximum output 


with given pumping conditions. 
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APPENDIX A 


DETA ESTOT PUMPING=CAVITY HEAD 


The pumping-cavity head was built in the Naval Post- 
graduate School Physics Department machine shop using 
brass for the cavity reflector and aluminum for the other 
parts. 

The body assembly consists of a circular cylindrical 
cavity, two end-plates, a cavity-holder, and two O-rings 
for sealing. These components were fixed with eight screws. 

A body assembly and two holders were put on the bed and 
fixed by eight screws with three O-rings for sealing. The 
water inlet and outlet tubes were installed on the bed and 
cavity assembly. 


More details are presented in.the following figures. 


CONTENTS 

figures 
A.l Components of the Pumping-Cavity Head 
A.2 Cross Section View of Body Assembly 
A.3 Front View of Holder 
A.4 Cross Section View of Holder Assembly 
A.5 Rod and Rod-Holder 
A.6 Bed 
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Fig.A2 Cross-Section View of Body Assembly 
( „> represents coolant flow) 
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Fig.A4 Cross Section View of Holder Assembly 
( —> represents coolant flow) 
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Fig.A5 Rod and Rod-Holder 
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Fig.A6 Bed 


60 


>. 





LIST OF REFERENCES 


Jung, J. W., The Construction of a Nd:YAG Laser, 


a > 


Master's Thesis, Naval Postgraduate School, Monterey, 
521112902513 7 Jüne 1982, 








Goodwin, D. W., Advances _in Quantum 5706076117 


p. 92, Academic Press Inc., 1979. 











iocc mer We, sold State Laser Engineering, p. 55, 


E we 


Springer-Verlag New York, Inc., 1976. 
Koechner, W., p. 56. 


Siegman, A. E., An Introduction to tasers Tand i Masers, 


2۰٠20" ۹٢۴6۴۹۲ Hill Book Co., 1971. 








COOdwin, D.: W., p.195. 


Kogelnik, H., Lasers, pp. 295-347, Marcel Dekker, New 
Nork, 1966. 


BOSS, Gordon, J. P., Confocal Multimode Re- 
SOnator for Millimeter EES Optical. Wavelength 


38566 Bell System Teen? Ji Vol. 20, p. 498, (1961). 








ESOper, A. W., Sensors, Signals and Systems, NPGS lecture 


= En مت‎ O لمهم‎ = 


more, D. B//8,. 1983. 


Goncz, J. H., New Developments in Electric Fiashteubes, 


Instrument Society of America Transactions, Vol. 5, 
p. 28, 1966. 


Mr, keed, L., Longlife Krypton Arc Lamp for‏ كار ددن 
Pumping Na: YAG Laser, ILC Technology, Inc., pp. 9-12‏ 


Grasis, M., Reed, L., p. 78. 
cocdwin, D. W., p- 78. 
KOechner, W., p. 309. 


Koechner, W., p. 327. 


61 


TO. 


11 


12 
. 3ك 
.14 


0. 





26 ۳۷٦۰ب‎ ۱٦٦٣٦۶66076۶, J. N., Theory of Elasticity, 
McGraw Hill, New York, 1951. 


ESEN 0 6 CET IR MEN Thermal perfects In a 
Nd:YAG Laser, J. Appl. Phys. 41, 3656, 1970. 


A ma) GE or, 


Koechner, W., p. 353. 


Svelto, O., Principles of Lasers, p. 152, Plenum Press, 


ای ہو نم E‏ سے س E ee E‏ ا جک سے کی سے a A‏ 


New York and London, 1982. 


5616 "Ov. p. 154. 


62 


0. 


m. 


13. 


19. 


20. 





DNS ES DES TRTEUTION LIST 


No. Copies 


Defense Technical Information Center 2 
Cameron Station 
Alexandria, Virginia 22314 


Library, Code 0142 2 
Naval Postgraduate School 
Monterey, California 93943 


Physics Library, Code 61 1 
Department of Physics and Chemistry 

Naval Postgraduate School 

Monterey, California 93943 


£2 


Professor A. W. Cooper, Code 6810+ 
Department of Physics and Chemistry 
Naval Postgraduate School 

Monterey, California 93943 


Professor J. R. Neighbours, Code 61Nb 1 
Department of Physics and Chemistry 

Naval Postgraduate School 

Monterey, California 93943 


Maj. Chung, Ki Hyun, Korea Army 5 
182 Kenae-Ri Pyengseng-up 

Pyungtak-Kun Kyunggi-Do, 

180-11, Republic of Korea 


Library of K.M.A 2 
fongneng P.O. Box 77 

Dobong-Gu, Seoul, 

Rebublic of Korea 


63 










































































































































































































2 رہد‎ 3 3 
LI B | 
. . 5 2 ١ 
"I 7 5 a 1 
° 
05 5 d 
o e e LA 
7 e * 
7 5 * E 7 
| ١ > 
LI bd a 
w s y 
B 0 7 3 5 
۱ 8 5 « " E 
LI m ۰ ب‎ y 5 
"n 5 5 P 5 E ¢ ° 
~ 3 
5 8 Y j i 1 i | 
P E J Li = ٠ 
. Li 35 E و‎ 5 5 ٠ 5 5 
e 3 " ۰ D °8 H j š 
. 
۰ m u x 
" 7 2 8 £ ^ 85 x "d v dra 2 
5 u 8 5 £ , ٠ - . P ٭‎ ٠ 
.. ٠ . . » LI 5 5 
5 8 A E 
5 E * 5 2 o > . » . 7 E " 
ہے . ليا‎ t E las 5 " B 
35 E - 2 = i: ۰ i 
- 5 ٠ LI - 3 a * > f 2 3 p Y 
a . 2 کی‎ 35 
LI - = e 
. 2 s 
3 LI 1 7 E d i 
٠ e جح‎ . w ré " A E 
7 00 : E 5 
* e» ۰ 5 Li + " 
= r4 L e 
LI سے‎ "Oc 1 y á : 
LI - و‎ ٠ LI > " z 8 3 j é | 
.» LES v E E E . 5 
7 LA] . 2 x 1 
r1 = 3 55 3 — > ^ ES 2 
* * i 1 
aig . LI » + 1 x f 1 
5 ee o li xis M 
. .. . 3 Y 2d á : : 
| ۱ " y 
- دہ‎ = 5 e i k 1 1 
۰ we se م . 3 5 5 ع‎ ‘ . 
E 0 « . "X a E Pa E 5 > ee 
am. we ٠ a . .. -$ € “e ° ٠ 2 b ù = E D A 1 d 8 
کے مج‎ 5 . m ” « +. 0 3 1 7 = si 
E > » . .. 35 5 1 1 | 
- 5 - 55 د‎ - ow ad 3 + 0 2 en 
Ar 3 3 7 2 . 
= 5 3 1 ا آي ته‎ ae م. هاه‎ » E 
: 1 ue 3 5 1 7 a 5 7 P 
3 رت 73 ۱ کا‎ 2 " . e mid سے ہے‎ 
: 5 9 ^ « 8 
= P ed LI LI | L] a^ > 7 A 7 E 2 5 5 1 <= - 
: K 5 1 à A 5 7 E & " = + æ وو‎ 
^ DOO a Ls * L “ LE 4 L La L4 . . n " TL > n " جم‎ de 
m x = " ur e po 4 pl 
5 7 CL >. * 3 35 5 3 ve 5 e" ٠ 0 Li e, 0 ae y CE, » a "T Lo - 
= : 1 1 8 N m 9 ^ * 7 8 = و‎ © E 
- - 0 P LI ni A >» "os. D ٠ uet ` y y - ` LI . hd T چا‎ x W 4 y epe d g pA dude ET 
= ٠ ^ t 5 ~ 5 - LL = E J F 5 " e 9 9 " 
- T E d. ^ 1 o 3 ACL LT o. 0 2 a 0 ۰ a^ — » 5 eg یں‎ PEE 9 e 
5 N * 5 تپ‎ - . « - a 0 y ¢ 4 M c p hag سوج‎ sa ما‎ x 
` LY FOE ~ 5 . 2 < 0 5 - L LI و‎ w "a pg "vw. SAT ce Egy 
: RT 9*٠ . * 3 A y á y N = " AT - 5 ‘ ve " " 7 " Lil 2 LM 2 3 Le ` 
1e è ٠ . 5 1 E E » v - . y 8 Agr ad «Ty a سے‎ 0 
p + A dec 3 ۳ 2 0 » CAT I م‎ 
E À. > 1 1 A m Mr v 5 E E r e و‎ py?" ع‎ pre G 7 
C ) ^ bd اف‎ 4 Y À. . > 2 نب راب‎ X " dt. . La ہے اس‎ - 4 5 
E "y Lii. ریف‎ < LJ B -* x n hs = bd d £ 1 dj 0 5 4 و ند‎ 
s na 5 A E 5 5 r£ * i à - 3 Li . rg LA . oe Ld oa - v = 
© = RACE . 5 x4 . . ٠ ٠ 2 ل‎ | 5 4 Em D r "s e > 
ww PARLE ey a? M کے ےی‎ e do » T 3 9 و‎ á M á ہہ‎ E 1 سس‎ 
1 em سے ُڑچچچچششسسے‎ = . e e 5 t * ~ "T * i á 3 $» = á 3 Se m si = 
a === = O) dc» e E 5 4 P " E 3 3 4 T 5205 3 € 7 . 5 rr. 4 7 e A 5 روب‎ 
un B a 5 05 - E LE vow M ve *» EJ # 7 2 ei s apum ot Pas 
o =n > اک‎ ٠ à + n Re LT » <- وش‎ P. Le d d e 2 y < 2 : ۴ = E ا ای‎ 
— - — - —— > Ù > " 5 » s. e ^ = 5 ل‎ a d « L4 LA - - - Y [s — de 4 مج“‎ 
== گا‎ © Es Tor س0 بسجہ می اکا‎ AI E + کہ لمهم‎ 
r = m v 3 + YO aen S g ۷ a * ' d ' 7 d ai g ng vw " * In 2 Au 1 7 pt yw 
1 «T = CC * > o... eee ES 5 | a .* 0 vov E رھ‎ . t . E y 5 7 já IA a m سے 4 .. - ف س‎ - 
AAA = xj x Ru TEIL a V ٠. EON e ICI Le ویو ات‎ ms ^L 1 ون‎ z CHERE سس‎ EF aval ye Oy ری نے‎ ere FF Fw 2 
> en ies x ak x y EL vs 5 1 " AR 1 P 5 ۹ 8 E s 1 7 8 4 - » "ar ww 7 y sr a 3 
= ¢ ) A = - "m u 7 5 E] * 1 aa = ٠ LJ م‎ J v رھ‎ 2 IIT 7 7 eo 3 در تس سر‎ x > "E pu = 
7 "E q. a T 2 ws I RN 2 e ^ کپ‎ 4 © © ٠ d 3 2 > سے ہت سے رد‎ PEP week ے کی‎ eee Lin 2 2 
5 — — — PL لج‎ 3 Te 5 > لک‎ 5 > H 5 v - . e» " > S + ب‎ * M - * ba d = سی رس اہ ام‎ tur A پت‎ c 
= . CE LR t ` ١ v - - ° «e ہیں‎ E 5 Ld ru. LI M sE s r لے‎ Wa Ps © yn ev P B P کر‎ s c 
= >< e o e Lk Deel T nn - ^ un.“ 5 Mc ... ` . : po mt رات‎ > 5 à D Ce A És vL ot ail د‎ et er A - 
——— O ] 5 SEA 3 PI "> yo A 3 ` ^" v : 3 Lu "Ww 1 - J e ] 0 8 3 | vp? age m- a P 4 ¿a y E B ۶ v 
o == O) E E در نت و‎ LE ex مد کو‎ ¥ st 3 3 5 z ۰ - n ARI tr CE 2 2 a : à 2 d. 2) uae 4 Lolli at pag 7 ہی مد ہے پل‎ 
o کیٹ‎ "T "TT UL e. 1/1 ws 6? 5 mua € 5 oN 2s îi Vio‘ 2 ۰ 7 PIGET m et» سرت‎ ye =e e...” ^ و 9,0 * ےسب‎ 
لكا سسا هه‎ O =z P . رو در اف‎ yh? 3 a ”. $ . n LU 1 رک‎ E Do لے 2ھ ا‎ zd d رداب‎ x 1 i و یں‎ 4 3 4 z ge صما مالم‎ le re > $e 
0 م = کے‎ riet ESD NS ہب‎ ` 0 ۰ ١ d : ` Ss ME y 9 dod d z e z : x 7 3 . - > AA TE مھ‎ 
سس ا‎ O x ه32‎ a D E um ue... La 8 E TTL LE ۹ ٠ LR AT 1 Do 3 لے ۰ ری‎ P ¥ Js LEAL a للك‎ P> وی رے'‎ nerd Ad | = e رت ار ےی ہنرو بی = بے‎ 
cC e OA E A رد ہے نہ ہلگ اچ چک‎ SU VET ia ate 5 0 . a * a » à L ود‎ tra oO e. > py ed prp m "M 
i مسد د یچ یہ 3 2 = ۳ سے‎ db mes 3 p 3 لتحي‎ rit 3 et " on ^ 5 وله من‎ 05 35 PA LE " J EPLE IET L -e yer à CL y رہم رر ہے‎ de we ed | LL rn wot و دم‎ P 
"م‎ 0 O ) : a و‎ 5 » n en whe L i PD Ss > + NS L LI d 2 P 94 = C uet مآ میا اہب > یں‎ 1 nga Sex m ifs 
بت رہ رہ ںہ لنا = ھ2‎ 277 #8 SUNY Ue hoe AHN Ak VLL g T “u. لہ‎ T T CU LE LRL t .. e ni Wa 42 رت‎ as 4 سے اب اود ہیں‎ | : A سے‎ a e ree ےی ہا سرادم‎ 
5 +. O "AER Ei a a ی‎ als O AA vr + PED vw P 7 1 RTE 7 ےار‎ e E 0 1 صلب‎ do Pd a td ہو لا‎ o سےا سکم می ےرا‎ $e ET سو‎ 
e a اس‎ N ET = S سس ٭‎ 1 erv ED w 4 2 ۰ T 1 : 5 ٠ d fo . ri urn: d d بجی ےھ ا ری ص بش شر سے اس اما ہہ ]کک ہد‎ pra d nhe bail te دیو خر‎ u en 
v == pa ( 3 u LES e TRU I = 5 A 6 Du : ee | 3 % a 0 ۷۴ E 2 رہ‎ * E E "x 7 a LA . « wey E TPE ' APA LT هر‎ 
rw — o ers we EC LES" lo Ps لقم‎ ١ y " s^ x ¥ 6 3 - 3 0 " 8 . q 35 P - سرب‎ E تق وی‎ a vo > کر ھی ایا کی ا‎ eto او‎ 4 Cs 
ir de) = aA x r - یں‎ he کو‎ ws sees TE] ELO LR كم‎ « 5 iu w Lr 0 ya E LT re nr m PLE. d "Pr ےی‎ ae ad died سو ھر‎ Pa ^ 
D d لالج‎ ( J =! " 3 N EE ELAA! USA RES UN رت ضش  ہت‎ 7 t ه. ع‎ > y " ۴ M i H 5 d ہا یہ‎ de dim Le عدم‎ er e ھت ھا‎ Ah AA "fie 
EX OO . nm O CR TER CU LE CRT db at Ru uM ES Ll ٠. یں‎ A ٠ 1١ y ` BL >» “A i 0 , Fa AF > ز شی سر‎ a لے‎ he it à de - LR qt Le p ror ar a 
—— ra فا اہ‎ wg hi 5 de hp i tod 4 سام‎ 8 + * m 3 ہمہ‎ 51 . a ۰ 5 »- 3 mr - 5 are LI TAE. er EUMD FA PE E u LI rd NL a 
pa ما تال ) ۷ ( 8 ا‎ A حر ے>‎ hın | «+ اف‎ ‘ Y yt aii, y Dg y b ٠ ١ 0 D i vr " m rs E کے . رر رت ہے پک‎ ep ا سے سد کے ےھ‎ FE کے تج‎ ۶ 
8 + === A AA E ELM + Yo ay a te i. N.N ED 5-5 ? VE . 9 1 , r x” Ar » ہج‎ qaum IAS TI EOS EP SE Cr ر22‎ a اا‎ A AAA dt 
a" O : ow AS) UO y ^^ e Du Zn ide L id Y s ١ ھب‎ ۴ . s" 1 v کد‎ POUR " a 4 ہے اس‎ rog or E > se a 2 CRE DL gaad rp d dat ب ی ی ی یہ‎ 2 a aaa 
--ی- س س‎ lr A | PI ہم .۔‎ D. اف‎ Le "y 10 A - ٠ را فيضن‎ # L 7"1 LL . "e CEE EN | ul d di “re AF تو کرد ا‎ Fg d d y رمم‎ | PP e~ E ove 
a-k N — ERDE a do صور‎ a پور ون کک‎ Y os Y سس‎ a 1 ev ¿e X - - 1 0 i J Fo wre . ders em or Tm a $ / nid - » - sis E PE و‎ a id e aia étés in fire 
١ز‎ = یکا بج‎ va 7 ٢ LT "IIO CE 1" % E Lm M ہہ و واج‎ » 8 5 vr 5 0 0 Y ار‎ a Li uds a lol di i P dl ada oi IE Er ER EEE nr. ل ہے ساس جب خر ےی‎ 
1 = d وا لي یں‎ DT T تاب نبا رکوہ یں ہیں‎ wa E 3 aT E: * 1 5 عا سرد اد 5 7 را £ ‘ 05 ای‎ A پا‎ eai tg gers كي و وود ق و ا ع ساد ایل أ‎ ag en 
p^ ہم‎ LE ہے یں‎ UI ATAR S TR \ we eee در یرنہ گی سس ما نہ جک‎ anf ewe As یں‎ i ہک‎ u r 4 M ۲ اپ رڈ‎ E y + +003 P gam 8 PL A A DEA le dd ha dat ات‎ tree ui we 
e ا‎ ee a ES wi rS ET | ATA A, © Î ا نت‎ HEM Zea cy wee À asa’ 1 um E 1 Y . i 4 wi v T نر نا ہب ڈو ہر کن کی ارہ تہ ہے ر ایی ا ی 8 دی‎ e a ee piii. 
I PED LU LL ar I eh oe اچاچ رہ ہم ڑج‎ ds rs DRE RSR یر‎ O کی رہ مم‎ C Var 2 n ne. H RM E ME 0 27: 1 oe ren ل‎ mney rw " TN MI A PP T رک‎ LI er ال ا یں‎ = 
d ہر ںیہ‎ CR RAE d Lap rre DA e S Bi EE s A De: بھی‎ wu.) 0 a wT x eT نفد پا ایی یھر( اب ا‎ ue xr ‘ 3 d z pu a E سد‎ 00 do cy d AAA di i. id 1 d SAO EGRESOS AAA GA Ty w 
aq مدت نت 3 ہے‎ rx Te et S DIAS Lr bleed! ہے بد رم ہا ئن ر ہرز نیل‎ Bu A he 2 ٠7 7 CLAIRE AT wre , TE 5 im Fey A 3 3 L 3 ra - 7 A A ae we 2 à ر‎ Pda DES à CE ot d ET a it à E d 
PA AR OT A کو وة‎ cf RE e بی‎ A eA 4 1 جع‎ ms -3 "vA € 5 : 0 اھ ان‎ 7 ru 7 3 اس‎ a و ی‎ a = vr. LE ف ای وای ا وو ی ریت تل سم‎ Yo Att ا‎ 
aj ا‎ mr A AI a A A O و کو‎ a UA EEE ER یں‎ TS RCE ER ® . vn ¥ no en” 7 d QE ع‎ an ۲ M بس‎ Ÿ : ار‎ e م ا‎ O w se ر‎ TL ہم‎ ari aio dan id oil ne dl. dot I it Ar, 
—— ا‎ LE u een y Pa a de N A ee : نہیں‎ he gb LORS, dia d S LLL 8 vv "qa Crs v امھ“ یی‎ ¥ ves 7 ¥ L 1 x 5 " , x رق‎ RTTE "7 7 ٣س و ہر کہ کپ‎ IA AA کر تج‎ md AE d AERE a 
A ee ee ee eee te Binh tb 5 TA A AI DRE L * مدا ای ای ف‎ wv ہی۹ نصصے جا‎ 9 hd * € ! w . y aw LIE af ا‎ E Lu dn n Pid و حم ےھ‎ PUT rns Id Seed AP el e n i ےا و‎ 
2 ARA RADA ANNA وی ید‎ A TA ا ا‎ ar bre N N at Ba Na et er ایا‎ w 2 a vi 9 L لوج‎ 03 ELLA don PU REV pe s ea n ی ا دوک یھ یویر ےی‎ tiere Aet A ed rs. < 
aj Ay, Wu PEU eere ہک‎ Rr ay L m rw ا ود و ازج و‎ n. dd O DADA چا‎ ao y 0 و9 - لحن‎ - 0 a » ب ان ر‎ Nr " lll, بيس )د سملن‎ 3 died 7 5 or 9 Lua do LL LP E DRM EEE ا ایر ا ا وار ا اا‎ e اه‎ TA CU ¿A RADAR, 
AAN AM NY ett Ar OA در‎ TE S و وک ا‎ Y o ed en Ae T KER OLDER GUERRE LA PAE , € 7 y *Y ct a © 5 r s Li رای‎ FU ا تی‎ 3 4 5 a * و وہ وس ۔‎ TITELN GG دک‎ tr ررش ز‎ PUR LCR rad l si ur 
Ba Ar DN اد ا‎ o A QE تھسا ینک نہ ہیں‎ ATTE A ا ےک‎ M we RAY "vs سب‎ LC ur to y Y vy pon pi ni a y سم‎ 0 3 nm و‎ LA yp. 9m -e-r i بی سم ےہ‎ es 4 م اا رص رر مہرب رس‎ AM s LS UTA E RIA hail 
Spe tas ns EA FA و مجارت‎ M aA DLE ہد ٭ وہ مہ‎ RE CARE ہہ‎ en ER E PI y Ue 7س اتک‎ wre تیر سر رد وج‎ LS LIS M | Tt 1 aw D > ATT 0 1 و وا‎ 1 1 TII I Yy * wont C uos s LE * LR e ريل‎ w ad m « EN LP RL LLC à À Did Les DT DT RS Le ER LL ir wor 
A RR ty ee tere Pe BP E le Be ae A dik iat en an s y e o La MA ALES DLP O dd. Ma a vi و‎ yu. CR nas 2 Mod. لو‎ uf adi-t. me DA ARDALES ری ہی ا پر ار ا سب یوو وو ھی‎ r der cdi dt 
ہیر رر ںا ا یں یں یٹ‎ od و‎ EIA rs AA Er Er SS wry ow Y pro JT -< 5 t wv ty » re: E CEE" 0 aA, ہا ہچ جع‎ ns RS A بسب" عو لع‎ "inp oe وي ا ےک سا ا اك‎ TE 
رج نے‎ a A A LOURDE A A br PO EE ET y rd A AA e LÉ NEL s Ma [LL al a أ‎ Uv < Li w " تق‎ M > w LRL LE KR PT AA OUT 711, رر سی خر‎ dit یی اا ا ا ا ا ا ا 0 ۲ او‎ nr don tt 
A AA ET EE وص چو و‎ Wo. Rye u NE TE EY Reo DN au Se ry ads N 2 LAM E A r9 ye J ص‎ »*»*r ¿CAZA 0 aient. m... hd a جم‎ d بت تی‎ AAA ایی سے لام ا ویر لی تر کے نے یر خر بے اس ید‎ AAN AAA, pt oo 
ARACENA id TIR, dl La ضر‎ ٠( ی<‎ n Rr Re ae Se HR A ds de a Ti wer 0 " n ۰۹۷ yes nu G 0 ww ge P JUNE ana ymo i f Agape green to ےا کو دیل ای ےی دی ای‎ ire و ا ا و وا هد ی اوا ف‎ e a o 
AAA سا ا ہہ‎ ER RE a ل‎ 7 tok yo O ToT lnk ee er oO A a OS vu. E we ٠ u. > سیب انا مر الع د 0 بو‎ | pe Tree tee sr Seinen We ew A dl a A ala کم و‎ a LE Lg qe uiii سج كلد سانا‎ 
a EIA AA a MNT AA A ARI ا‎ e 3 E (Ad dd e ٠. Ar, | LCR ۹ CORRE شیع‎ eats Pa NITI S tro. vv v ' wan un ro bd بے‎ £ wy ہے یہ 0ھ‎ e 9, code yy ur, nd a ael I A rr ART A dl À QU PNY Ld 
AAA EN RETTET ا یا يه‎ insi nc A d Td a man A Du و و‎ Nae vu uhr) خالل‎ YA bos. A oa vw 0 ES Vb. [AA Pv X M nt رفس ین‎ M ALI EC رر ٹک ٹر ہے رسس یں فاا دی اا ی اک‎ A A A CL ا‎ 4 
ہج‎ AAA CT el ee hee ETT EN ET a or 19108 www بت‎ TL ZO WÄR EI 36:4 3. 8 2 2e 2] ند‎ des DA EN * LE ss el ie 3 0 4 f یٹ‎ » d he ha رو یی رسس‎ A PE EEE GEH ور ار کو2 ری‎ ET TEE PR TETTE E m 0 و‎ 
AS ADA Oe Bab e a d تنج رر یس یں ہا ہاج یی ہی‎ AS, E ASPEN JA یع ہ3‎ IA dh Del lio واا‎ A A D ds y AAA AS A AS D A لہ‎ v rT? ¥ = Frs NP بات تا‎ 0 Li nl À Fr "LAE A OL nl DEE ANETTE u BER ERDE GA ساس‎ 
pp Re AA ca xe 08 dia, d LLL e de RE EE ج کا ہت‎ UN بتک‎ Lado irn dur و > بی بخ ا ۴ نی‎ 4 x 2 abd al dp adis 4 A و‎ MEMO uf ad da vague i me); .لبماس سه‎ sage صا سی ار ےہ مسا‎ yo ھک‎ 
وا نی‎ Y AT IA IA A RI Drm i oc a | TE VITO شراب‎ A خا ں ویر ای‎ ai.) "^ "xe gms 2 B چک یہ‎ . €x» *y کی می ری ہی‎ y HT d'la ہر رق تن کر رو‎ pitis iri o d نہ بر‎ Me شب سے یر انی خر دو بے‎ 
ar di RR ar] M A A ere. جا ا ضا ا ا‎ oe a ec 5 N WY, o ا‎ al AAA a AR A AS. JU 5 "29 0] 5 CRUE 5 22 4 4 A1 A بے‎ "A i n dt Le. n ELE I d ELLE aoa کر ار ار لیر‎ nt 
Moon Re ا ا جس ا‎ A AA da de de ire A M ا‎ LA TUTTA E M U I Ey re Ret “FE M8 ve? Ce Po ud, sa, وکیا ہک یھ‎ E a guai EE. اپ‎ arati 6 EN تپ مل الیل‎ e in los Al en. "Sables pes. 
ee ES T E a LR ada NE nre rid یں رد رہہ ںا‎ Tok tee eee te رر وج‎ [E Ea us nr WERFEN "v aca *S فليا لخدف‎ LOL bel Fl, NOA کا‎ LE E EPR 7 a er n ar TDL IT TT eda ak iP iE rn e ٹیا ایو ی وا اوو ا‎ 
JT ایدرک للا ریش ات رر یی رر دی با یی رہ یا ا می یں‎ De ہی وت پیج کر دج رجہ‎ ERA re ee Ae A E ASI یہر‎ AA: یں $ ہے ۴ وق‎ rew ^ ی‎ al A A ریہ رب سر یں‎ E UP PX ut vr do rem e Qn parrot 
A Ad e ADR T Sh Mh teh sigh cay een, eh a dde dE Mol DN da d De RD a n ng de o AR tes ری شی تی یف گر رہ وش ٹس روا ہی‎ pd MUI IA 1 DT Sa a d A ed Staal ar TI AS eti sabios aol لع‎ hs” pt 2 
i eu» د و‎ a ANI RRA EA + ad SA py ين‎ ih ee a کی‎ SEULE RE y. u Lis RAC یج ھی ایی و‎ DELA TS EL) de Shri c Le A pb یا‎ LUS bi 5 0 A a A و ہر رش رہ ہہ‎ AAA e e ویو یا‎ ATTIC ی ا ری سی‎ Chet نم‎ tti 
پک ا ا ا چا ا ا نود ہچ مد‎ IAS PR A NE a en m. دو ننممہسبب یہ تم تمہ نو ہب سور ان ہیں‎ A Par ay ۰ہ‎ rs inn D Dat at بلط ہیں‎ E A i di di اک ا ا‎ E dd A لوا‎ Fe de ie ا‎ 
AA ERAN RS RENTE وی ہیں‎ en TERN Sn A A A EL CCE بر و دہ یں مامت بت یہ ں‎ vw Ww be | © 1 IE ay a رر‎ a ree ۴ 3 ورا‎ uL. de ALL av» y JST. LS le fev EE Lots lc LA dl LR Pei Lao aiit aic uid teow 
ہا ہا ری 2 ر‎ LR pee D DCE ہربقم اب‎ ELE ERE ES b SEL و و‎ WAIT رج سیف‎ A نے‎ pr IN 2 d se. ہیں‎ CO EP" IPEA am a a M یدد :وار ی ید‎ d. Mes Ae a e e n d a et TIA AAA ANA بس‎ Pe MOSS 
noc Shean ےو و ا ےد وا‎ pr ون سال‎ AR AA UR ور ری ہیں‎ v i mE LS AI do 17 رہ ںہ ہہ‎ ae PARLE A T ER uw Ut pi 7 07 © " NEL رھ و‎ VL, wmm iium. eani Ov RL EN و‎ AS de etry Dl cda dd ایل‎ iu g 
کے ری یو‎ MILD ری‎ III Ai رر وی ںو را رای‎ PE AA A NEUE bd Y “E ti. a VR Oe Owe رھ نم ری رو یی‎ E v 7 ۴ LR 7 me a 4 i Fa cw«Tve LA LUAM da 7596 "nya yvy ر‎ d "IUE PE E Y A ad PL uiid dd. si 1 2 d ui AR rd ii Pk d u al 
LS Rn ihe iin etn tet al rd EEE ER ARA TIE VINO NM ARNO ا‎ ho^ نہد لاو‎ A ومن فی رین‎ A, O E e LA. IA alti E li) à y oe persi rand" ens we a o آل ج کس در‎ ET ET EEE 1 او اق او ي جب اور ا‎ 
at یکچ ود‎ O Ey ry À PR ARRETE PT SE EE اا اا حا ااي‎ cin ed DA AXA. ویر ویر جا چپ ہوا شس‎ EU 2 RS LL e LE یملز وپ بد مین بھی‎ r a i eee gt رد‎ Ba od IO e TAI Hee A M a ا‎ rnt ا‎ e pL و ا ا‎ e A 
LITT TE ur bo a NT EAS A GANA يل‎ LA نس‎ eT Lose obs A A Pj il Al TA a e A A ےی‎ nid, ساس‎ * CLR CALE : TN À لَه حتف‎ M on 2.27 y dd رپ‎ oy y PAPE CU LS سے پر‎ PILE mL M E AS الل‎ let dater it ot nl و سور عو چو مو ور ھ‎ 
"ibd Mit RA DL a ہد وی ریو با رر یں‎ ae A A ANN ms >» Ar TU رز‎ GS «e TORT vr ۰ ۱۹۹۹ 6ا‎ ۱ ge ° ٠ f ا 7 جب‎ “٠ رت‎ PAT VUE AR ie de PAGUE “Far wert ید ای‎ LE سوہ اہر بس سر ںو رر تر پر رز نے‎ TR TE ET TEE PT LL 
حر رٹ‎ dd To ee bets ts ROTE ARR نہیں‎ Sun Te, AAA hju یہ وب‎ AAA خم یں‎ y Nd ra ac PO EJ sory de Ps ot wer ] [Er wp" s X DIL d PONLO PIAR REA CTA NT e یی اا و ا‎ d di ھی ییا یا ی ای ب‎ 
ob Ser OU pire de S rtm i d rage ci M Atel N AA ler VERA E ۰ REC + A ي 1 سو‎ ee er e. d PARE ren. All ARA ÓSEA 
O Rs E R24 A ra aod di رت ری ا تی کک‎ PAT رو یی یرت رہ‎ ee Y ا اھ ا ھی .لوف سب ہش‎ b ed x! ياج غود وس ہے : بس جا جس لے 4 ل‎ OF A heh Spe ARAN جع م کیم تھا وب عیمس دمن يودي‎ Tr بد تہ سب‎ 
یہید‎ Se ella AN HO AY IN ed یا ہیں چس‎ ay "E یہ وت ىن ےا‎ ٢ے‎ A A Cum جس وی شفرں‎ v^ تد و‎ ۷ vx AA RD v مود ںا‎ a ie ee ee at ie ا‎ px . ۳ EA emm rh rap rt eoo pem 
ASIA dd o, VER OX SR AR ARR EX) wy Ve sc Ja A اھ چوا اب سن یں رہ‎ aD IES M 3 BN. pt ¥ 3 : diode سر ہی‎ a CR APS ddl AS dt, M PM زار ہر رد نمی‎ tn o جامس اہ تح‎ Parr qa y AY A i disi. 
DD LATE D CO CRE PRET RES یی رواںیہ ہے تی ہر ا یں جا ا ہا‎ AA 3 U FR UTE YAA LORS ts à e UU MT a > CL o IC er 4; 0 3 ¥ Ye 0 A E x we INTA رر رو‎ A A Adina CRD ST Lis de 
ٹہ اگ رن ری مب‎ EA DEA MS AA UA EXE BIRNEN TE P aN A A Aa p bold, un. 1 LUS و‎ ES: 7 ن ری‎ SL ہے ہپ زی ہق و‎ ١ ne I رن رر یورگ یں‎ LIE Sedis Miis guy Waren ima ںی روہ‎ C ہر سس ہا و یں سے بجی‎ vua gro vo gr ہر ہو رر ںہ وی ہر ہے ہي رڈ‎ ae dd LL 
ANA AN ا‎ A a a a میں اوس با‎ p PN Ano IOS UIT TOO IWON ISSUE PEGA ehem Oe qe uy e "Boa ab ویو یی یو اه ی‎ tah y ER nat a Lid ok تی‎ A e A ii a كو افوس‎ atea eee امس کے ای‎ 
ts TRE do Ds dd نوا‎ EA AE A A A mum bal a یڈ اہ‎ E قش بآ‎ A A Sk دی‎ LA t ٠. ١ > کے ا یں ميد‎ wwe سحو مور‎ ° ve Xf (VO y. CORA pr ah) P AID SIT UA 19 ogres Fe ns 3 wed uw وک لے ری بر یزیر رر‎ CR RS للم الى‎ el 2) ne ad D 
MAA iR eda lado d D da i یم نیما اندیرخ سو چیہ‎ SM A, M idR n A AE Ra e De هي جيه‎ A ER RATER OS ELA A a d. EL ںی تو‎ de E م وت‎ gw eg 5 ajo. ل‎ f idi dee ENTRENADO pego etam نو ذیت‎ dioe oor pesi رم ماب‎ eph d A De da E A Le ee 
AAA MA AERE LA A LA Mii Ade مو یہروہ تی رن‎ y Sore xA IC FC A S ہش یئ ری .+ رانا عو جج ہے‎ T m an è e RTE D ir ¢ ا ا ا اہر رہ ہیں رو ہیں 7 سوک .موجہ‎ E AA E AA e Rida سیھے کر بے ہے سےا‎ ern 
ان ود موب جنر‎ rt id مح و9 يا‎ Sei MR r MOSS ہہیا‎ AH P REM کی ہے‎ 8 KR باج و من‎ LA LAR he M a ۲ [au اج ہیف‎ AA رہ‎ ey J yt و ص-۸٭*‎ et ode on tc, chet ol cold” tard ane ol ta clade aa fathead A dl heel تم کر اا‎ di 
ARA AAA A A da re جا جو دنو کے جا‎ Ai FRA Tn d Ms O AAA AI a YY vi 1 CR | دو‎ E es 8 78 n > dal Pp TR Ee Farle ae e pomi کہ رف ار جو ارہ وں وٹ رر ہد کر م یو‎ ud وم نے ہر یں ا پا ہہ یں‎ 
ANA RA ARRASANDO ol MAA یہ نہ مع‎ Ad ada WERTET ow P 3r ma^ E EA ud GRO CALIDAD GUCCI O UE PEDD A PIAT 
SY A AI M. RE AA IRA RED NO y ااي‎ Y et ds ITA A RA O ANA MARA AAA AA A نط‎ f DAA این‎ 7 d ١ E DTI iba ILI De Ad Meno pb رہ رڈ رر‎ det p. dE و سس‎ B D. i di adea i di tiii ا ت س ی ا و و کر ورا‎ À A 
r. ey i, AAA SS یا ا‎ A A o a A an RU de E A و وس‎ IAA r بیو تھ‎ wur. A IC 1 IA A EA rh ad d A اوو‎ dl 
REEL AR A A ALA? pO رديه ع اليه‎ Do h یں را یا ہے ا ںیک یو یی‎ ENT ہیا ہیی ار رو‎ LTT روا ویر‎ ie i A AL i En UP eres ہک می‎ TY CREARA سا بے سض بر‎ ui M وق یئ ےپ مر مر ا‎ y ااب وینو وی کی3 ا یی ا ا ا‎ 
A EIER EE EE a a چس‎ A E a 4 دنھ ا ا‎ A e Y WS t ythOPN V TOU. الل پر یج و یڈ ورس‎ TNT » Ju». TA ALA de A ie. A II A A OS a AU A AE dd dado 
ےہ ہی و‎ A A o ll des do di می مہا او ال و‎ o b RC Ne A CR et AA A ی و ی : ہشن : ری کہ یں میں‎ Di AA Eo لد دد اس صا زر‎ ieri o dia hath ب ليت تمي‎ 
ا یا‎ NN ا‎ O E MA EEE ی3‎ m E SG n To A A, Ed بدا‎ when toy tone تر 7 . بیو یو‎ lia EE la LPS SL ELA Le RETTET AERO TEE RL EI om o Pegaso d. pr. tit مر ہے کے سے ےک‎ 
VO O ANA dr ee PP A E ER جا حي‎ PE ET TE ML LR AUS LOS BAR ER RS CET dis A E یس‎ RU EUR دی مرف تق‎ / puri بکد کم کر د‎ ER RT ELIO As کی یہ‎ TEE DEE Me den 7 
AER AAA MA a Ll ri یہ ا‎ A i d Tr: el ac A Sa ae راشب‎ d تر تج‎ RR u Be کت ا‎ I a یس ور مو یی‎ dioc LR y dE Malin ae ec I sal ph nee edie ot f ES tele D LC ہی سقیے بے مت نے ےر‎ 
جا ام ہین می بر رم ری یھ راج ہہ ہریڈ‎ RAI وت ا ا را اض جا‎ ERA تیر و ریو شش بی ہی ا‎ S Au. 70 سر‎ AS RE لیمعت 2 لہ‎ 346 4 > : CE ds سی سر ور ںوس وا ہب یں ا‎ dor اقم ا سم ام بر یوید ید ویر ھا ر دای را یی رید کی سے سا پا‎ er aon 
اي‎ CLE ET EN ETS SR ARR RE ER RO Leben d th OE o RN DL ینس‎ Dri d bd دی رف‎ MAA یہد ب سيك‎ AUS RIA A AR PR Acl A رک‎ AAA A dead mad de a init qi 
QATAR A ARANA ANA AA) u 2 A PA RO" EUR DE T SE TL 3 سی لے‎ TT rg pue gy du AA A ل‎ o A yy بس‎ E LS LS LAS کی ہر‎ eiii رٹ‎ tent. 
نین‎ A A A AAA a ib di ER بلا ا ياش و‎ to o da A RO À le CA RT N n w a "E ٦٦ ٠ *8۴۴۸ ئ۶‎ A A A اک ا کا‎ MO DPD DESDE ALA POLED YB LE ALP GPG PW PO AS At Ae d Sov cep kd” al A 
UK "a Luy SY trie aa rc Oe TT e و‎ CRUE DE SE e Rat > جد ب‎ EEE - di. RC MES ۰ زس یتم میڈ بس‎ îs رش سر شس ےد ہر و وکا رج مد اا ایر ا ر‎ Jai di a A oU کوک‎ PTT LE LOUE و رو نر ول ہر‎ e eredi iet de 
ER y Ber Y TA UNA A EI AE ta AOV AS PETAT ht سفن فيا داكت‎ Ln JE. اہو یی ابد‎ M AL رس سس‎ oy VKH TY ` é ET ET ا ا‎ O A TA AAA E Puls d rds ait d sete oe? dss ہیر ا اھ‎ dera دس خر‎ À Eté باک‎ Lad dd 
Av nn < MA, ری یں‎ IG AA QU are De N Dun de ای جا ا ےسیو جو وہ وہ وا رج ہا ہوا شا‎ AA e. a Ow il DR Es de AE LR DORE Le ee کر رد‎ Ce. n یی‎ ridi "EC a ME اص ام فی مر ونب ںاخ رٹ یں ا شر یر مرو با‎ AN E AS LT e aa ea 
I AT TE ET TR EEE TRIER TR ET EZ ASA ELLO di xa Lu ih eh Dh A, AA AA rn LA asd um / کک ا‎ rn EEE ا رھ یق اد ال سی ا ا ا‎ TR لا یت‎ A Ad ARE Ads de 
ipt AR ne VAE reet Apes it Fh E r SSS en. ا ا‎ EA و‎ TIERE aT SaaS. ¥ ie ہم‎ enmt QAN ںیہی مق‎ 3 f pi pag got al r r E: ا ا ےو‎ Dora LOS it sa A toi, یوجر‎ Y o PE a deat re 
XXE RET teh ee a a te AAA E hs RR Ai OA Pe نی‎ LAA AA ° یں‎ Lc ad PLE OD PT PES TF E ویر رر وہ‎ diah a hea ta ad a o ال ار ضس ار ا‎ EA iai ع‎ tat > MAT P 
A EA AT 7 ST ا جک‎ AAA A LUN ACER RL D LR PRE AA A rn er a ro ail کول ای‎ < eo A. WF o eT in den; y - A AA ساٹ عب نام لیر یر سیر‎ t b d Med EO ار ہیں ار ا کر نو سے‎ t DR he راچود ای ییو واف ھی کا یدو‎ 
AT کہ ا‎ nif x e بجی‎ aa aes To a hae Wo) Ae, I AAA UA, dd it oy EEE VERTRETEN TER ER TTV A H +" m La. ie COR En Ut Lo وٹ‎ LY ری تیر ری ری و پر ری ہیں‎ VAS رق ا قار ديق دز رال‎ or td» gon CUm em non euo Ld Cod oi ah سس و یر رز‎ 
MA TA Re Apte Sa yee en eek tert MON REN A ES اھ شی‎ AA یھ‎ SALA WA dd و وی‎ y E ۲ دم 7او شر ا جر سب کی‎ as بر یر ا ا ار رر ور و‎ RRA Rr اق ولاه رول‎ dass مر‎ vd di او‎ iei TEE ENT TAN 
Lon ANS A E OS A ES A ویو ہو نس رپس‎ tat [oy «t کر راس اع میڈ اھ‎ Zeh Baa ele dd نی‎ STA q, 0 DANSE AI ah Lia Asa ال راو‎ had بے‎ pa M AA 6 a Lana ل تت ابر سايم في الع عل كار ب ا‎ ac ell e IRA IA ا‎ iei hal de - 
سوب‎ ANR TRES TL ARTE ey rr pad ee a ل‎ CAE A dd AA MA MA A hat Po ry ¥ 8 Ced "eise e TLLA LAE e 0 بن‎ 0 1 LA سی ہزور ہہیا‎ AA pL bo Med سے ار زیر مد با اس بر رم سی شرك‎ AA di rei ADA ce 
» 11 7 À ھی یی ا‎ d ALS لك اع قدي‎ Es M. ےھ خر اوھ مسب ہہ رم جوا‎ AR DT ET ae Viren et ہر‎ [AM er = (I LE D cal de gle ake die ا ہر 1 ےم یں‎ et ee HET EN ey ويم‎ 17 EE A AS سے تر ری جنر رب ور‎ 
^ 2 m " Mrd T? 2 ا ا یں یم‎ AT RTE رر‎ AAA MAA AR AA 0 







